Abstract: Among Chinese populations worldwide, Chinese herbal medicines (CHMs) are often used as an adjunct to pharmacotherapy in managing chronic obstructive pulmonary disease (COPD). However, the relative performance among different CHM is unknown.
INTRODUCTION

C
haracterized by progressive persistent airflow limitation, chronic obstructive pulmonary disease (COPD) is a major mortality and morbidity burden. Globally, it is the fourth leading cause of death, accounting for 27.2/100,000 ageadjusted deaths among US populations. The mortality figure is even higher among Chinese population, of which it reached 130.5/100,000. 1 As disease burden caused by COPD continues to grow, it has been estimated that by 2020, COPD will be the fifth leading cause of disability. 2 In face of such burden, the management of COPD has significant public health and health care implications. 3 Long-acting beta agonist salmeterol is commonly prescribed in combination with inhaled corticosteroid fluticasone propionate in the treatment of COPD. 4 Evidence has suggested the beneficial effects of salmeterol and fluticasone propionate (SFP) in reducing the annual rate of exacerbations and improving health status when compared with placebo. 5 However, these drugs comprise certain side effects such as dry mouth, constipation, urinary retention, tremor, and dysphagia.
Despite the popular use of CHM among COPD patients, clinical evidence on its add-on benefit when used with SFP is yet to be synthesized. We performed a systematic review and meta-analysis of randomized controlled trials (RCTs) on the effectiveness of CHM for COPD as an add-on to SFP, with a focus on a critical endpoint such as the forced expiratory volume in 1 second (FEV 1 ). The 6-Minute Walk Test (6MWT) and the St George's Respiratory Questionnaire (SGRQ) were adopted as secondary outcomes. In addition, we performed a network meta-analysis (NMA) to evaluate the comparative effectiveness of different CHM formulae.
METHODS
This systematic review and NMA is reported in accordance to the PRISMA recommendation. As all the analyses were performed by using data extracted from published trials, it is not necessary to obtain ethical approval for this study.
Inclusion Criteria
Literature screening and selection was performed by 2 reviewers, with disagreements resolved by discussion and consensus adjudication. We included RCTs comparing the effectiveness of oral CHM and SFP versus SFP alone. The primary outcome of this systematic review was a change in FEV 1 . To be included, the RCTs must report FEV 1 results with treatment duration of at least 12 weeks. SGRQ scoring and 6MWT were the secondary outcomes of this review. We selected our outcomes according to recommendations from the European Medicines Agency and the United States Food and Drug Administration. 10 
Data Sources and Search Strategy
We searched 8 electronic databases, including Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE, the Allied and Complementary Medicine Database, Chinese Biomedical Database, Chinese Medical Current Contents, China Journal Net, and Wanfang database. Search key words included 3 elements, which were COPD, salmeterol, and CHM-related terms. Search results on these 3 elements were combined with ''AND.'' Search filters for randomized trials were used while searching MEDLINE 11 and EMBASE. 12 Besides, we searched for existing systematic reviews on the topic that might include eligible trials up to July 2015. We applied no language restrictions.
Data Extraction and Risk of Bias Assessment
Data of included RCTs were extracted with a piloted data extraction form. Risks of bias were appraised with the Cochrane risk of bias tool, 13 which includes 6 evaluation domains (sequence generation, allocation concealment, blinding of participants and researchers, blinding of outcome assessment, incomplete outcome data, and selective outcome reporting). Each domain was graded as having low, unclear, or high risk of bias based on information reported by each included RCT. 13 Data extraction and risk of bias assessment were completed by 2 authors independently, with discrepancies resolved by discussion and consensus making.
Data Analysis
Pairwise meta-analyses were conducted with the Metaanalyst software.
14 Estimation on treatment effects about continuous outcomes were measured with weighted mean differences (WMDs) and 95% confidence intervals (CIs). Random effect model was used in all the meta-analyses. Chi-squared test was used for the heterogeneity test. A P value <0.1 was considered as existing of significant heterogeneity. I 2 statistic was to measure the level of heterogeneity, with I 2 <25%
regarded as low level of heterogeneity, 25% to 50% as moderate level, and I 2 > 50% as high level. 15 We explored heterogeneity in subgroup and sensitivity analysis with reference to difference in COPD severity and length of follow-up.
Minimally important difference (MID) values were applied to aid interpretation. Results from meta-analyses were compared against established MID values for each outcome: 0.10 L for FEV 1 , 16 4 points for SGRQ scoring, 17 and 26 m for 6MWT.
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NMA is a recently developed method that allows the simultaneous comparison of more than 2 herbal treatments. 19 Indirect evidence for the comparison that lacks head-to-head comparison (e.g., A versus B) can be provided if studies that compare A versus C and B versus C are analyzed jointly. Using SFP as a common comparator, indirect comparison between different CHM formulae through the consistency model was implemented with the mvmeta command in STATA. 20 Results from NMA were reported as WMD for each possible pair of comparison. We also calculated the probability of each CHM formula being the most effective regimen, the second best regimen, the third best regimen, and so on by calculating the WMD for each CHM formula and SFP compared with SFPalone group. Ranking probabilities of each CHM formula being at each possible rank were summarized in a graph. The surface under the cumulative ranking curve (SUCRA) 21 and mean ranks were used to obtain a formula's hierarchy. SUCRA is a useful method to display the cumulative therapeutic ranking of each treatment within an NMA graphically. 21 For example, if an intervention is likely to be the best within the NMA, the SUCRA ranking for being the best would be approaching 1, while the intervention with the lowest probability to be the best would have a SUCRA ranking approaching 0.
RESULTS
Literature Search
We identified a total of 745 citations from all searches, including 374 trials incorporated in 22 existing systematic reviews on the topic. After screening of titles and abstracts, we retrieved 35 full texts for further assessment. Of these, 24 were excluded for the following reasons: head-to-head comparison of CHM and western medicine (n ¼ 11), did not report prespecified outcomes (n ¼ 5), did not satisfy inclusion criteria (n ¼ 7), and failure to meet the prespecified length of duration (n ¼ 1). Finally, 11 studies were considered eligible for inclusion ( Figure 1 ).
CHARACTERISTICS OF INCLUDED STUDIES Participants
Characteristics of included trials are summarized in Table 1 . [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Patients' characteristics were similar among included studies. A total of 925 participants with COPD were included in the 11 trials. The average age of the participants was 65.5 AE 5.7 years. The average size of the trials was 84 participants (ranging from 60 to 120 participants per trial). Five trials included outpatients only, and 5 trials included both inpatients and outpatients. One trial did not specify the study settings.
Diagnostic Criteria
For diagnostic criteria, 9 (81.8%) studies applied the Chinese guidelines for diagnosis and management of COPD (2007 revised edition), 34 which is equivalent to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guideline [postbronchodilator FEV 1 <80% of the predicted value, with a ratio of FEV 1 to forced vital capacity (FVC) <70%].
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The remaining 2 trials did not report the diagnostic criteria used.
Intervention
The formulations of CHM were different for each trial. Among the 11 types of CHM interventions, 7 were herbal decoctions, [22] [23] [24] [25] [26] [27] [28] 1 was prescribed as pills, 29 and the remaining 3 were capsules. [30] [31] [32] The length of follow-up varied from 12 weeks to 1 year.
Risk of Bias Among Included studies
Risk of bias among included studies was mediocre overall, with poor reporting on methodological details (Table 2) . Amongst these 11 RCTs, only 2 were at a low risk for bias for allocation sequence generation, 23, 30 while the remaining 9 RCTs did not report their sequence generation procedure clearly. 22, [24] [25] [26] [27] [28] [29] 31, 32 None of the included studies described the implementation of allocation concealment and the use of blinding. However, we regarded the risks of bias associated with lack of blinding to be minimal, as the majority of selected outcomes (FEV 1 , 6MWT) were of objective nature. 16, 17, 35 Nine of the included studies had a low risk of bias for incomplete data, [24] [25] [26] [27] [28] [29] [30] [31] [32] and 6 of them achieved 100% follow-up rate. 24, 25, [29] [30] [31] [32] The drop-out rates ranges from 0% to 12%, with a mean (SD) of 2.18% (4.30%) and a median of 0%. Two of the studies did not describe the drop-out rate. 22, 23 POOLED RESULTS ON CHM AND SFP VERSUS SFP ALONE
Changes in FEV 1
A total of 7 RCTs (n ¼ 532) reported FEV 1 change from 12 weeks to 1 year (Table 3) . [22] [23] [24] 26, 27, 30, 31 Pooled findings favored combined treatment (WMD ¼ 0.20 L, 95% CI: 0.06- ¼ three times a day. 24 did not overlap with the summary estimate. However, we could not identify possible factors that had contributed to the heterogeneity after examining the patients' characteristics in Table 1 . In order to test the effect of the study by Liu and Zhou, 24 , we performed sensitivity analysis. We found that omission of study by Liu and Zhou 24 had led to a reduction of overall effect estimate (WMD ¼ 0.13 L, 95% CI: 0.05-0.21), although the pooled finding still favored combined treatment with a magnitude larger than the MID of 0.1 L. Heterogeneity was also significantly reduced (heterogeneity x 2 ¼ 8.29, P ¼ 0.14,
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In a subgroup analysis limiting to 4 trials with follow-up at 3 months (n ¼ 262) 22, 23, 26, 27 and 2 trials at 6 months (n ¼ 150), 30, 31 both of the pooled results showed superiority of combined treatment over SFP alone (Table 3) . At 3 months, the WMD was 0.11 L (95% CI: 0.00-0.22, I
2 ¼ 50%) and WMD for 6 months was 0.19 L (95% CI: 0.07-0.32, I
2 ¼ 0%). These 7 trials, evaluating 7 different CHM formulae, contributed to a star-shaped trial network on FEV 1 change with SFP alone as a common comparator. Table 4 summarizes the NMA results on the 7 CHM formulae regarding change in FEV 1 . [22] [23] [24] 26, 27, 30, 31 No statistically significant difference was found between the 7 CHM formulae.
The SUCRA of seven CHM and SFP and SFP alone are shown in Figure 2 . The results indicated that SFP and jiaweisanao decoction had a slightly higher probability of being the best choice, while the SFP and jiaweiqiweiduqi decoction had a slightly lower probability of being the best choice than the remaining choices.
The seven formulae share similar herbal compositions. Shenha capsule and baining capsule are similar in that they both contain Cordyceps sinensis ( ). In 4 formulae (baoyuan decoction, 28 jiajianbufei decoction, 27 jiaweiqiweiduqi decoction, 20 and yiqihuoxue decoction 21 ), all of them contain Astragalus membranaceus ( ), 3 of them contain Rehmanniae radix preparata ( ), 2 of them contain Fructus schisandrae ( ), Radix codonopsis ( ), Gecko ( ), Root bark of paeonia suffruticosa andr ( ), and Radix et rhizoma ginseng ( ).
Changes in SGRQ
Five studies (n ¼ 429) comparing combined treatment with SFP alone had reported SGRQ score change (Table 3) . 22, 23, 25, 29, 32 Pooled findings favored combined treatment (WMD ¼ À4.99, 95% CI: À7.73 to À2.24), but a high level of heterogeneity exists (heterogeneity x 2 ¼ 127.01, P < 0.01, I 2 ¼ 97%). Two studies are clinically heterogeneous from the remaining trials: Liang et al 25 included COPD patients at spirometric stage IV exclusively, while patients in other studies were at stages II to IV. Huang 32 had a follow-up duration of 1 year, while other studies lasted for 3 months.
We performed a sensitivity analysis by removing these 2 studies and found that the heterogeneity was significantly reduced (heterogeneity x 2 ¼ 1.98, P ¼ 0.37, I 2 ¼ 0%), and pooled results of the 3 remaining trials demonstrated superiority of combined CHM and SFP treatment above the MID value of -4, with a WMD of À5.11 (95% CI: À5.53 to À 4.69).
The four trials with 3 months follow-up evaluating 4 distinct CHM formulae formed a star-shaped trial network on SGRQ change with SFP as a common comparator. NMA We assumed that the impact of assessor blinding on FEV 1 measurement is minimal. indicated that SFP along with runfeijianpibushen decoction and SFP along with renshenbufei pills were significantly more effective than the remaining 3 choices in SGRQ score improvement (Table 5 ). SFP and runfeijianpibushen decoction appeared to be slightly more effective than SFP and renshenbufei pills, but there was no statistically significant difference. Results from SUCRA suggested that SFP and runfeijianpibushen decoction and SFP and renshenbufei pills had similar probability of being the best treatment, while SFP alone had the lowest probability ( Figure 3 ).
The 4 included formulae share similar compositions. All of them contain Astragalus membranaceus ( ), two of them contain Atractylodis macrocephalae rhizome ( ), Rehmanniae radix preparata ( ), Radix codonopsis ( ), and Root bark of paeonia suffruticosa ( ).
Changes in 6MWT
Pooled results from 3 RCTs 22,28,30 (n ¼ 238) reporting 6MWT change also favored combined treatment (WMD ¼ 32.8 m, Comparative effectiveness of the 7 CHM formulae: surface under the cumulative ranking curve (SUCRA) for FEV 1 . Note: The x-axis represents the possible rank of each treatment (from the first best rank to the worst according to FEV 1 change). The y-axis indicates the cumulative probability for each treatment to be the best treatment, the second best treatment, the third best treatment, and so on. SFP ¼ salmeterol and fluticasone propionate. including stage IV and/or stage III patients, and the data suggest that CHM could be effective even in patients with more severe COPD. However, disease severity, as reflected by spirometric staging, might have contributed to heterogeneity in the pooling of SGRQ, and the association between baseline severity and SGRQ needs to be further evaluated in future trials and metaregression. Duration of follow-up might be another source of heterogeneity in the pooling of SGRQ, as FEV 1 results at 6 months seemed to be better than that at 3 months. Future trials should consider a longer follow-up time for capturing outcome. Despite heterogeneity of included studies, for both FEV 1 and SGRQ pooling, the direction of effect did not change in sensitivity and subgroup analyses, and the effect size stayed above the MID threshold. Finally, it should be highlighted that all the included trials were conducted in the Chinese population, which limited the generalizability of the evidence to patients of other ethnicity. Our assessment suggested that the risk of bias among included trials is often unclear due to poor reporting, and some others had a moderate risk of bias. As all studies are prospective controlled studies, quality of evidence from these publications may not be considered low or very low, as their design cannot be poorer than case-control studies or case series. 36 In addition, a recent meta-epidemiological study suggested that lack of allocation concealment and blinding tend to have a less impact on the measurement of objective outcomes. 37 ,38 Accordingly, we may be less concerned about the bias caused by high or unclear risk of bias by focusing on objective outcome such as FEV 1 . Nevertheless, results on subjective outcome (SGRQ) could be biased due to methodological limitations. Finally, although we have conducted a comprehensive literature search to identify potential trials and existing systematic reviews, we were unable to evaluate the existence of publication bias, as less than 10 trials were included for each outcome. 38 We also conducted NMA to evaluate the comparative effectiveness of different CHM formulations. For FEV 1 , no statistical differences among different CHM formulations were observed. For SGRQ scoring, results from NMA suggested that runfeijianpibushen decoction 25 and renshenbufei pills 29 could be considered as the first choices, as they have the highest probability being the best add-on to SFP. Relatively small overall sample size within the NMA could be a reason for not detecting any significant differences between CHM formulations for FEV 1 , but another plausible explanation could be the similarity of herbal composition among included CHM formulae.
For instance, A. membranaceus is the most commonly used herb among the trials. Its active compound, Astragalus polysaccharide (APS), is known to facilitate the decrement of hydroxyproline lung content as well as matrix metalloproteinase-9 expression in rats with COPD. 39 Astragalus injection also shows therapeutic effect in rats with COPD, by reducing the levels of interleukin (IL)-8 and tumor necrosis factor-alpha (TNF-a) in Bronchoalveolar lavage fluid and serum, and inflammatory cells level. 40 Five classical prescriptions of TCM that contained herbs used by the included trials has demonstrated an effect on reducing inflammatory cell infiltration and the secretion of emphraxis in vessel cavity of bronchiole and terminal bronchiole, recovering cilium adhesion, lodging, and abscission, and lowering airway hyperreactivity and promoting airway reconstruction. 41 The included CHM formulae may share these common mechanisms when achieving therapeutic effects. However, COPD patients may have different diagnoses according to Chinese medicine perspective. 42 Clinicians can make reference to Chinese medicine diagnosis when considering the use of A. membranaceus, as it may not be an appropriate herb to use for all COPD patients.
Satisfying the assumptions of trial similarity and consistency is essential for ensuring reliability of NMA results. 43 To maintain trial similarity, we have imposed strict inclusion criteria on participants, interventions, controls, and outcome measures. The evaluation of consistency requires data on both direct and indirect comparisons. 43 In this systematic review, we did not include head-to-head trials between CHM formulae, and thus, direct comparison data were unavailable. Statistical evaluation of consistency is therefore not conducted, but existing meta-epidemiological study has suggested that indirect evidence is often consistent with the corresponding direct evidence, and the chance of disagreements between these 2 types of evidence is not high. 44 Further rigorous trials are needed to confirm the superiority of runfeijianpibushen decoction 25 and renshenbufei pills. Before such trials, quality of the herbal products should be guaranteed. Chemoprofiles of these herbal preparations should be determined and compared [e.g., by highperformance liquid chromatography (HPLC)], and variations in the composition of chemical ingredients from batch to batch should be avoided. Contaminations and adulterations should be prevented as well.
In conclusion, the use of CHM on top of SFP may provide clinically relevant benefit for COPD patients on FEV 1 , SGRQ, and 6WMT. Use of different CHM formulae included in this systematic review showed similar effect for increasing FEV 1 , while the additional use of runfeijianpibushen decoction and renshenbufei pills showed better effect on improving SGRQ. Included formulae had a high overlap of herb choice and a core combination can be devised and evaluated in the future. Baseline severity and duration of follow-up may influence effect sizes, and their impact should be assessed formally in future trials and meta-regression. Finally, future trials should adhere to the CONSORT reporting statement, 45 so as to improve the usefulness of study results and transparency on methodological standards.
